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Abstract 19 
Ripening-related firmness loss shortens considerably the storage potential of sweet cherry 20 
(Prunus avium L.), thus limiting postharvest handling, transportation, and commercialisation. 21 
The biochemical mechanisms underlying this process in cherries are not fully understood, and 22 
the mechanisms operating in a given fruit may be not extrapolated to a different species. Cell 23 
wall materials obtained from untreated and calcium-treated ‘Celeste’ sweet cherries were 24 
fractionated and analysed after cold storage, and related enzyme activities and gene 25 
expression were assessed. Calcium-treated fruit were firmer, with lower weight loss and 26 
decay incidence than the controls. The accumulation of PaβGal and PaEXP1 transcripts was 27 
strongly inhibited in cold-stored fruit, although expression levels recovered largely after three 28 
days of shelf life. Data suggest that pectin methylesterase, β-galactosidase and expansin 29 
activities may control the access of additional proteins to their substrates. A possible role for 30 
the apoplastic redox status in the modulation of the process is also discussed. 31 
 32 
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1.  Introduction 36 
 Sweet cherry (Prunus avium L.) is a high-value stone fruit species, but displays limited 37 
storage and shelf life potential. Post-harvest life of these fruit is restricted by rapid firmness 38 
and weight loss, associated to high susceptibility to rots and mechanical damage. 39 
Modifications in the polymers and their cross-links on primary cell walls and middle lamella 40 
polysaccharides are generally regarded as a major driver of ripening-related fruit softening. 41 
These alterations eventually lead to decreased cell-to-cell adhesion and mechanical resistance 42 
of the pericarp tissue of fruit. These processes are facilitated by biochemical changes in the 43 
apoplast which alter the mobility and the activity of a complex set of cell wall-modifying 44 
proteins (Goulao and Oliveira 2008). 45 
 Pectin solubilisation is an early event in ripening-related fruit softening, followed in some 46 
species by pectin depolymerisation. Pectin solubilisation is reflected by an increase in the 47 
amounts of pectins loosely bound to the cell walls, recovered mainly in the water- and 48 
chelator-soluble fractions of the cell walls, often accompanied by decreased yields of 49 
covalently-bound materials. These modifications result largely from the coordinated action of 50 
a wide range of related proteins, both pectolytic and non-pectolytic. Previous studies suggest 51 
that depolymerisation of the pectin backbone in sweet cherry is limited (Batisse et al. 1994), 52 
texture differences in these fruit being related rather to the degree of loss of sugar residues 53 
from pectin side-chains (Batisse et al. 1996; Salato et al. 2013), which may be related to 54 
solubilisation. Earlier work has also shown that firmness of some, albeit not of all, cultivars of 55 
sweet cherry fruit may be also related partially to the amount and structure of cell wall matrix 56 
glycans, particularly of xyloglucans (Choi et al. 2002), the main hemicellulose component of 57 
cell walls. Indeed, xyloglucan endotransglycosylase/hydrolase (XTH) has been demonstrated 58 
to play a key role in ripening-related depolymerisation of hemicelluloses in fruit species such 59 
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as tomato (Solanum lycopersicon L.) and apple (Malus × domestica Borkh.) (Muñoz-60 
Bertomeu et al. 2013).  61 
 In addition to pectolytic and non-pectolytic enzyme activities, ripening-related expansins 62 
have been identified and shown to be involved in the softening process of fruit species such as 63 
strawberry (Fragaria × ananassa Duch.) (Civello et al. 1999; Harrison et al. 2001), tomato 64 
(Brummell et al. 2002) or peach (Prunus persica L.) (Hayama et al. 2003). Expansins are 65 
responsible for loosening non-covalent linkages between cell wall polymers, and are thus 66 
considered an important contributor to firmness loss. For instance, a close relationship 67 
between Exp1 action and hemicellulose depolymerisation was found during tomato fruit 68 
softening (Brummell et al. 1999). However, expansin gene expression was not correlated to 69 
firmness loss in ‘Yumyeong’ peaches (Hayama et al. 2000), and therefore species- and 70 
cultivar-related variability cannot be ruled out.  71 
 Calcium is required for several key physiological processes connected to ripening-related 72 
phenomena, including those associated to the structure and functionality of cell wall and 73 
membrane, or to the activity of particular enzymes. Firmness retention is frequently cited as a 74 
major general effect of calcium applications in fruit, arising mostly from decreased pectin 75 
solubilisation and matrix glycan breakdown (reviewed in Lara 2013). Since calcium favours 76 
the establishment of electrostatic cross-links between polyuronides, calcium treatments 77 
(applied mostly as the chloride salt) help preventing the dissolution of the middle lamella, and 78 
accordingly often result in increased yields of the chelator-soluble fraction of pectins and 79 
better retention of total uronic acids. In the case of sweet cherry, a few studies have reported 80 
the effects of pre- and post-harvest calcium treatments in cultivars such as ‘0900 Ziraat’, 81 
‘Lambert’, ‘Van’, ‘Merton Glory’, ‘Vega’, ‘Sue’, ‘Sweetheart’ or ‘Lapins’ (Demirsoy and 82 
Bilgener 1998; Vangdal et al. 2008; Wang et al. 2014). Higher fruit firmness, reduced 83 
cracking incidence and improved shelf life potential have been generally observed in treated 84 
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fruit. However, no significant treatment effects on firmness were found for the yellow-fleshed 85 
cultivars ‘Merton Glory’, ‘Vega’ and ‘Sue’ (Vangdal et al. 2008), showing cultivar-to-cultivar 86 
variation. In no case, though, were cell wall analyses undertaken in treated fruit, and thus the 87 
effects of calcium application on firmness-related factors were not examined at the 88 
biochemical level. Therefore, in this work we investigated the effects of post-harvest calcium 89 
dips on cell wall metabolism both at harvest and after refrigerated storage for two weeks in 90 
‘Celeste’ cherries, a red-fleshed cultivar. 91 
 92 
2.  Materials and methods 93 
2.1. Plant material, postharvest treatments, and analysis of standard quality 94 
 Uniform, defect-free ‘Celeste’ cherry (Prunus avium L.) fruit were hand-collected in 95 
2012 (May 31
st
) from a family-led orchard located in Corbins (Lleida, NE Spain), at 96 
commercial maturity on the basis of size and surface colour, according to the usual standards 97 
in the producing area. Samples were transported immediately to the ETSEA-UdL campus, 98 
where they either remained untreated, or were dipped in 1.5 or 3% (w/v) CaCl2 (2 min, room 99 
temperature) in the presence of 2% (w/v) NaClO as a disinfectant, and thereafter allowed to 100 
dry in air. Treated and untreated fruit were then stored at 0 ºC and 92% relative humidity 101 
under regular air for two weeks. Fruit were analysed immediately after harvest and upon 102 
removal from storage, with three additional days at 20 ºC to simulate commercial shelf life. 103 
Tissue samples were taken in triplicate from fruit pericarp (10 fruit per replicate) at each 104 
analysis date, frozen in liquid nitrogen, freeze-dried, powdered, and kept at -80 ºC for 105 
subsequent biochemical analyses. 106 
 The experimental procedures for the analysis of standard quality attributes were 107 
undertaken as described in Belge et al. (2015). Fruit firmness and incidence of fungal decay 108 
were assessed on 30 fruit per treatment. A Durofel DFT 100 digital durometer (Agrosta Sarl, 109 
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Serqueux, France) was used for firmness measurements on two opposite sides of each 110 
individual fruit, and results given as Durofel units (1, no resistance - 100, maximum 111 
resistance). Stored fruit were allowed to temperate at room temperature for 3 hours prior to 112 
firmness measurements. The incidence of fungal decay was expressed as percentage of fruit 113 
affected. Respiration rates were measured as CO2 produced (μg kg
-1
 s
-1
) by keeping fruit (3 114 
replicates × 10 fruit/replicate) into 3-L flasks aerated continuously with humidified air (25 mL 115 
s
−1
), and then connecting the effluent air to an infrared gas analyser (Sensotran IR, El Prat de 116 
Llobregat, Spain). Three replicate samples (10 fruit each) per treatment were stoned and 117 
squeezed until no more juice was released. After filtration, the volume of juice recovered was 118 
considered as fruit juiciness (mL kg
-1
). This juice was used to determine soluble solids 119 
content (SSC) and titratable acidity (TA), and data were expressed as % (w/w). 120 
 121 
2.2. Extraction, fractionation and analysis of cell wall materials  122 
  Lyophilised pericarp tissue (3 g) was extracted in phenol:acetic acid:water (2:1:1, w/v/v) 123 
(PAW) in order to isolate the cell wall materials (CWM) as described elsewhere (Redgwell et 124 
al. 1992). The PAW-insoluble pellet was washed once in water and twice in acetone, and then 125 
lyophilised and weighed to determine CWM yield (g kg
-1
) on a dry weight basis. For further 126 
fractionation, CWM samples (100 mg) were extracted sequentially in water, 0.05 mol L
-1
 127 
cyclohexane-trans-1,2-diamine tetra-acetate (CDTA), 0.05 mol L
-1
 Na2CO3 and 4 mol L
-1
 128 
KOH (Selvendran and O’Neill 1987). All four CWM fractions obtained were filtered through 129 
Miracloth, dialysed (mol. wt. cut-off 7000), lyophilised and weighed, and yields expressed 130 
over total isolated CWM as g kg
-1
.  131 
 Samples (30-35 mg) of total CWM, CDTA- and Na2CO3-soluble fractions were analysed 132 
for the content of uronic acids and total neutral sugars by the m-hydroxydiphenyl method and 133 
the phenol-sulphuric acid assay, respectively, after hydrolysis with 12 mol L
-1
 sulphuric acid 134 
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as described elsewhere (Ortiz et al. 2011a). Neutral sugar contents in the samples were 135 
estimated by substracting the content of uronic acids from that of total sugars. Data are given 136 
as g kg
-1
 on a dry weight basis. 137 
 The contents of reduced (AA) and oxidised (DHA) ascorbic acid were measured in 138 
lyophilised pericarp tissue (40 mg) as well as in total CWM (25 mg), using the colorimetric 139 
ascorbate assay (Gillespie and Ainsworth 2007), and data were given as mmol kg
-1
. Calcium 140 
content in lyophilised pericarp (1g) and in samples (30-40 mg) of CWM was also analysed by 141 
inductively coupled plasma emission spectroscopy (ICP-OES) as in previous studies (Ortiz et 142 
al. 2011a), and results expressed as g kg
-1
 on a dry weight basis (Fig. 1) and over total 143 
isolated CWM (Supplementary Fig. S1). 144 
 145 
2.3. Assay of cell wall-modifying enzyme activities 146 
 Enzyme assays included the pectolytic activities of poligalacturonase (exo-PG; EC 147 
3.2.1.67 and endo-PG; EC 3.2.1.15), pectin methylesterase (PME; EC 3.1.1.11), pectate lyase 148 
(PL; EC 4.2.2.2), β-galactosidase (β-Gal; EC 3.2.1.23) and α-L-arabinofuranosidase (AFase; 149 
EC 3.2.1.55), as well as the non-pectolytic endo-1,4-β-D-glucanase (EGase; EC 3.2.1.4) and 150 
β-xylosidase (β-Xyl; EC 3.2.1.37) activities. For PG, PME, PL and EGase activities, 151 
extraction buffer contained 20 mmol L
-1
 Cys-HCl, 20 mmol L
-1
 EDTA and 0.05% (v/v) Triton 152 
X-100 in 20 mmol L
-1
 Tris-HCl at pH 7.0. For the extraction of AFase activity, buffer was 153 
composed of 100 mmol L
-1
 NaCl, 2% (v/v) -mercaptoethanol and 1% (w/v) PVPP in 100 154 
mmol L
-1
 acetate buffer at pH 5.2. β-Gal and β-Xyl activites were extracted in buffer 155 
containing 1 mol L
-1
 NaCl and 1% (w/v) PVPP in 50 mmol L
-1
 acetate at pH 6.0. A 10% 156 
(w/v) homogenate was obtained in each case by homogenising freeze-dried pericarp tissue 157 
(100 mg) in the corresponding extraction buffer. After centrifugation, the crude extract was 158 
set on ice, and the activity assays were undertaken as referenced in Ortiz et al. (2011a). One 159 
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unit (U) of PG activity was defined as the liberation of 1 μmol of GalUA min-1 from apple 160 
pectin. One unit (U) of PME or PL activity were defined as the decrease of one unit of A620 161 
min
-1
 or the increase of one unit of A235 min
-1
, respectively, with apple pectin as the substrate. 162 
One unit (U) of EGase activity was defined as the release of 1 μmol of glucose min-1 from 163 
carboxymethylcellulose. One unit (U) of β-Gal or β-Xyl activity was defined as the liberation 164 
of 1 μmol of p-nitrophenol min-1 from p-nitrophenyl-β-D-galactopyranoside or 1 nmol of p-165 
nitrophenyl-β-D-xylopyranoside, correspondingly. One unit (U) of AFase was defined as the 166 
liberation of 1 nmol of p-nitrophenol min
-1
 from p-nitrophenyl-α-L-arabinofuranoside. Total 167 
protein content was determined with the Bradford (1976) method, with BSA as a standard. 168 
Results were given as specific activity over total protein (U kg
-1
). 169 
 170 
2.4. RT-qPCR analysis of cell wall-related gene expression 171 
 Lyophilised pericarp tissue (250 mg) was used for the isolation of total RNA according to 172 
Chang et al. (1993). RNA concentration and purity were verified in a Synergy microplate 173 
reader (BioTek Instruments, Inc., Winooski, VT, USA) equipped with the Gen5™ Data 174 
Analysis software. Samples of total RNA thus recovered were digested with RNAse-free 175 
DNAse, and cDNA was synthesised from DNA-free RNA (220 ng) by retrotranscription with 176 
oligo-(dT)18 (Invitrogen, Waltham, MA, USA). A control standard RT-PCR was performed to 177 
verify each reaction using primers for the targeted genes, followed by the observation of a 178 
single band on 1.2% (w/v) agarose gels after electrophoresis of the products. 179 
 Primers for quantitative real time-PCR (RT-qPCR) amplification of the target genes 180 
(Table 1) were designed after search in NCBI databases using the Primer3 online software. 181 
Primer length was set to be 20 to 23 bp, GC content 45 to 65%, and melting temperature (Tm) 182 
60 to 64 °C. Amplicon length was fixed to range between 80 and 120 bp. The 183 
OligoEvaluator
TM
 (Sigma-Aldrich Co. LLC, St. Louis, MO, USA) online oligonucleotide 184 
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sequence calculator was then used to check the probability of formation of hairpin structures 185 
and of primer dimerization. 186 
 RT-qPCR reactions were prepared in 96-well plates, and run in a qTOWER 2.2 187 
quantitative thermal cycler (Analytikjena, Germany). Total reaction volume was 20 μL, 188 
containing 150 ng cDNA and 3 μM each primer in 1× SsoAdvanced™ Universal SYBR® 189 
Green Supermix (Bio-Rad Laboratories, Hercules, CA, USA). Reaction running conditions 190 
were as follows: 95 °C during 30 s; then 40 cycles at 95 °C for 5 s, and 60 °C for 30 s. 191 
Dissociation curves were generated for each amplicon at the end of the PCR run by 192 
continuous fluorescence measurement (55 °C to 95 °C, with sequential steps of 0.5 °C for 15 193 
s), in order to verify amplification specificity and the absence of primer dimers. Each reaction 194 
was run at least in triplicate, and the mean threshold cycle (Ct) was used for data analyses. 195 
 PCR amplification efficiencies were calculated for each primer pair. Five-fold serial 196 
dilutions spanning five orders of magnitude (1:1-1:625) of cDNAs pooled from all technical 197 
replications of each reaction were quantified to generate standard curves. PCR efficiencies 198 
were determined for each gene from the logarithm of the cDNA dilution plotted against the 199 
mean Ct values, using the equation: E(%)=(10-(1/slope)-1)×100, where E is the efficiency, in 200 
percentage, and slope is the gradient of the best-fit line in the linear regression. 201 
 Expression data were normalised by the geometric mean of the expression levels of three 202 
reference genes (PaSRP19, PaPP2A-2 and PaCAC) selected on the basis of a published report 203 
(Alkio et al. 2012). All procedures for the calculation of amplification efficiencies and for the 204 
normalisation of relative expression values were as in earlier work (Vandesompele et al. 205 
2002; Goulao et al. 2012).  206 
 207 
2.5. Statistical analysis 208 
10 
 
 All data were tested by analysis of variance (ANOVA), using a multi-factorial design 209 
with treatment, cold storage and shelf life period as the factors. These analyses were carried 210 
out with the Minitab 16 statistical software (Minitab Inc., State College, PA, USA). Means 211 
were separated by the Fisher’s LSD test at P ≤ 0.05.  212 
 213 
3.  Results and Discussion 214 
 The usual standard indicators of maturity and commercial quality were assessed in fruit at 215 
harvest and after storage (Table 2). Calcium dips were successful in increasing total calcium 216 
content in fruit pericarp, the amounts in treated samples being roughly two-fold those in the 217 
controls (Table 3). Treated fruit displayed higher respiration rates upon removal from storage 218 
in comparison with untreated controls, but rates levelled down after three days at 20 ºC. 219 
Weight loss was substantial, with some associated decrease in fruit size, but significantly 220 
lower fruit dehydration was observed for samples treated with the highest (3%, w/v) calcium 221 
concentration, both 0 and 3 d after transfer to 20 ºC (Table 2), which accordingly retained 222 
higher juiciness values. These fruit also displayed higher SSC/TA ratios, particularly upon 223 
removal from cold storage, owing to higher SSC values than those in samples either untreated 224 
or treated with a lower CaCl2 dose, which suggests better retention of eating quality.  225 
 Fruit firmness increased significantly 3 d after harvest, which may relate to high fruit 226 
dehydration (roughly 12%) (Table 2). However, fruit firmness also increased after remaining 227 
two weeks at 0 ºC in comparison with values at harvest. Whereas this observation may also be 228 
related to weight loss (around 7% upon removal from cold storage), it could also have arisen 229 
from a tightening effect of low temperature on fruit tissues, as found likewise for strawberries 230 
(Lara et al. 2004). Cherries treated with 3% CaCl2 showed the highest firmness levels, 231 
together with the lowest weight loss, whereas no significant differences with the controls were 232 
observed for fruit treated with 1.5% CaCl2 (Table 2). When samples were placed at 20 ºC for 233 
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three days following cold storage, they softened appreciably, but calcium-treated cherries 234 
remained firmer. Although the highest firmness levels were found for fruit treated with 1.5% 235 
CaCl2, no differences with the controls were found regarding weight loss, which however was 236 
lower in fruit dipped in 3% CaCl2. Calcium-treated fruit also displayed significantly lower 237 
spoilage rates, both 0 and 3 d after being transferred to 20 ºC, and therefore these treatments 238 
apparently exerted a protective effect against fungal decay. Cell wall materials were isolated 239 
and fractionated in an attempt to gain insight into the modifications induced in response to the 240 
factors considered herein. 241 
 242 
3.1. Cell wall modifications after cold storage 243 
The yield of insoluble cell wall materials (CWM) obtained in each case was expressed 244 
both on a dry weight basis (Table 4A) and as the relative amount over total CMW recovered 245 
from fruit pericarp (Table 4B). No consistent relationship was observed between total CWM 246 
yields and fruit firmness or decay incidence, thus indicating that this parameter is not a 247 
reliable predictor for these quality attributes. Yet when insoluble materials were fractionated, 248 
some significant differences were apparent in fraction yields in response to the factors 249 
considered.  250 
Significantly increased yields of all four CWM fractions isolated were observed when 251 
unrefrigerated fruit were kept at 20 ºC for three days. Changes in the chelator-soluble fraction 252 
(CDTAsf), enriched in pectins linked non-covalently to the cell wall, underlay this augment, 253 
since the contents of this fraction raised 1.7-fold in comparison with those at harvest, while no 254 
significant variation was found for the rest of the fractions obtained (Table 4A).  255 
Once fruit were removed from cold storage, CDTAsf contents also showed substantial 256 
modifications in response to the treatments applied, levels in treated samples being two-fold 257 
those in untreated controls, and leading to higher values for the total amount of insoluble 258 
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materials recovered, both in absolute (Table 4A) and relative (Table 4B) terms. 259 
Solubilisation of cell wall materials was partially inhibited during exposure to cold 260 
temperature, as shown by significantly lower yields of water-soluble materials, as well as by 261 
higher contents of total insoluble polysaccharides in these samples as compared with 262 
unrefrigerated fruit. The contents of the sodium carbonate-soluble fraction (Na2CO3sf), 263 
corresponding mainly to covalently-bound pectins, showed no consistent relationship to fruit 264 
firmness, as fruit treated with 3% CaCl2 yielded lower amounts of this fraction than untreated 265 
samples or than samples treated with 1.5% CaCl2, in spite of higher firmness levels, and lower 266 
weight loss and decay incidence in these fruit (Table 2). 267 
After refrigerated fruit were left at 20 ºC during three days, the amount of total insoluble 268 
materials recovered was even higher than at day 0, particularly for samples dipped in 3% 269 
CaCl2, in which CDTAsf yields represented over 25% of total CWM (Table 4B). This may be 270 
indicating improved capacity for calcium-bridging between adjacent polymers as a 271 
consequence of higher availability of the cation in the cell walls (Table 3), which would 272 
reinforce and thus protect cell walls against extensive disassembly. Yet, again, no consistent 273 
relationship was found between CDTAsf yields and fruit firmness (Table 2), which agrees 274 
with previous findings for strawberry (Lara et al. 2004) and peach (Ortiz et al. 2011b). The 275 
highest Na2CO3sf yields, though, were found for samples treated with 1.5% CaCl2, together 276 
with the lowest amounts of solubilised materials (Table 4), and coincident with better 277 
retention of firmness in these fruit after remaining three days at 20 ºC (Table 2). 278 
 When the chelator- and Na2CO3-soluble fractions were analysed for the total content of 279 
neutral sugars and uronic acids, it was found that the changes in CDTAsf yields (Table 4A) 280 
were in good accordance with those in the amounts of both types of sugar compounds in that 281 
fraction (Fig. 1). Indeed, the CDTAsf isolated from calcium-dipped fruit contained 282 
significantly higher amounts in comparison with untreated samples. For instance, cherries 283 
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treated with 3% CaCl2 contained more than double the amount of neutral sugars than the 284 
controls (2.91 vs. 1.22 g kg
-1
) upon removal from cold storage, and similar differences 285 
between treated and untreated fruit were observed for uronic acids (2.25 vs. 0.97 g kg
-1
), in 286 
the same order) (Fig 1A). Samples treated with 1.5% CaCl2 also showed significantly higher 287 
levels of both sugar types as compared with untreated fruit, although the differences were not 288 
so substantial. After three days at 20 ºC, though, albeit cherries treated with 3% CaCl2 still 289 
retained higher amounts of both neutral sugars and uronic acids, those dipped in 1.5% CaCl2 290 
displayed lower levels than those in the controls (Fig. 1A). Interestingly, these same samples 291 
also displayed the highest contents of uronic acids in the Na2CO3-soluble fraction, both 0 and 292 
3 d after removal from cold storage (Fig. 1B). Generally speaking, lower amounts of uronic 293 
acids in the carbonate-soluble fraction were accompanied by higher contents in the CDTA-294 
soluble fraction, consistent with the idea that a part of the solubilised cell wall materials are 295 
reallocated transiently to the chelator-soluble fraction during the process of cell wall 296 
disassembly.  297 
 298 
3.2. Cell wall-related enzyme activities after fruit storage 299 
 It is usually challenging to perceive clear trends and to draw conclusions when trying to 300 
relate ripening-related cell wall changes to the activity of cell wall-acting proteins, both 301 
enzymatic and non-enzymatic. These difficulties arise to a great extent from the close co-302 
operation among the large number of involved proteins, as well as from the co-existence of 303 
multiple isoforms all of which contribute to the measured activity or cell wall modification. 304 
Limited pectin backbone depolymerisation has been reported for sweet cherry (Batisse et al., 305 
1994), and ripening-related changes in firmness of these fruit have been attributed rather to 306 
the loss of sugar residues from pectin side-chains (Batisse et al. 1996; Salato et al. 2013).  In 307 
accordance with this view, a β-galactosidase (β-Gal) purified from the ripe fruit of ‘Lapins’ 308 
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sweet cherry was recently characterized, shown to increase activity along ripening, and 309 
suggested to play a key role in ripening-related softening of this fruit species (Gerardi et al.  310 
2012). In an earlier study (Andrews and Li 1994), though, the highest β-Gal activity during 311 
on-tree development of ‘Bing’ fruit was found approximately two weeks before commercial 312 
maturity, pointing to an important role of the enzyme at early stages of the softening process. 313 
At any rate, a key role for β-galactosidase in firmness loss of sweet cherry fruit would involve 314 
that the loss of galactosyl residues from pectin side-chains is indeed a major event in pectin 315 
depolymerisation and solubilisation. Even so, firmness of ‘Celeste’ and ‘Somerset’ cherries 316 
after storage at 0 ºC was found to correlate inversely with pectin methylesterase (PME) 317 
activity (Belge et al. 2015), which suggests that pectin backbone modifications are also 318 
involved in the softening process of these fruit. 319 
Therefore, the activity of both pectin backbone- and pectin side chain-acting enzymes 320 
was examined, both at harvest and after storage. Pectate lyase (PL) activity levels increased 321 
slightly after storage, but no significant differences were found in response to treatment or to 322 
shelf life period at 20 ºC (Table 5). Polygalacturonase (PG) activity increased noticeably after 323 
storage of fruit. Surprisingly, upon removal from cold storage, PG activity was 1.7 and 2.1 324 
fold higher in samples treated with 1.5 and 3% CaCl2, respectively, with no apparent 325 
relationship to fruit firmness levels (Table 2). However, after three days at 20 ºC the activity 326 
levels in untreated fruit were still higher, whereas those in calcium-treated samples decreased 327 
noticeably, the lowest activity corresponding to cherries treated with 1.5% CaCl2 (Table 5), in 328 
agreement with higher fruit firmness. 329 
PME activity levels may underlie these discrepancies between PG activity and fruit 330 
firmness. Indeed, PG cleaves demethylated D-galacturonic acid residues from pectin 331 
backbone galacturonans, and thus previous PME action is necessary for PG hydrolytic 332 
activity on its substrate (Goulao and Oliveira 2008). PME activity exerts a wide range of 333 
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major impacts on cell wall properties, as the removal of methyl moieties from D-galacturonic 334 
acid residues alters the charge and pH of the apoplast, and hence modifies the mobility and 335 
activity of other cell wall proteins. In this study, PG activity increased strongly after cold 336 
storage, even though fruit firmness was higher in comparison with levels at harvest (Table 2). 337 
However, PME activity levels were very low in cherries dipped in 3% CaCl2 (Table 5). Low 338 
PME activity would prevent intensive demethylation of polyuronides, which would preclude 339 
PG action in spite of high activity levels present. As to samples treated in 1.5% CaCl2, 340 
firmness was similar to that in untreated fruit, even though those fruit displayed higher 341 
activity levels for both PG and PME activities (Table 5). In the presence of exogenous 342 
calcium, high demethylating action by PME may have resulted in the establishment of 343 
additional calcium bridges throughout the pectin backbone rather than in facilitation of PG-344 
catalysed cleavage of D-galacturonic acid residues. This idea is in accordance with the 345 
observation of significantly higher amounts of uronic acids retained in the CDTA-soluble 346 
fraction isolated from these fruit in comparison with the controls (Fig. 1A) in spite of similar 347 
firmness levels in both cases (Table 2). Data suggest furthermore that high (3%) calcium 348 
concentrations strongly inhibited PME activity. The reason for these discrepancies in 349 
comparison with the effects of the application of a lower dose (1.5%) is unclear. Additional 350 
pectin analyses, such as degree of methylation, would be of help in checking whether such 351 
differences actually resulted in stronger pectin demethylation in samples treated with 1.5% 352 
calcium. However, these differences in PME activity levels between both calcium treatments 353 
were found both 0 and 3 days after removal from cold storage (Table 5). A range of isoforms 354 
exist for virtually all cell wall-acting proteins, some of which may predominate under 355 
different conditions thus giving rise to apparently contradictory results. Primers for the RT-356 
qPCR amplification of PaPG1, PaPG2 and PaPME genes were designed, but unfortunately 357 
the amplification efficiencies were negligible, and thus the expression of these genes could 358 
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not be studied at the transcript level. Since primers were designed from gene sequences 359 
reportedly expressed in fruit tissues (accession numbers DQ659241, DQ659240 and 360 
AB231903) (Morgutti et al. 2006; Murayama et al. 2009), this observation may be indicating 361 
very low transcription rates for these genes. 362 
Enzymes removing galactosyl- and arabinosyl-rich side chains in pectins affect cell wall 363 
porosity, and may thus modulate other cell wall activities by allowing or restricting the access 364 
to their substrates (reviewed in Goulao and Oliveira 2008). Limited changes were observed 365 
for α-L-arabinofuranosidase (AFase) activity, with apparently limited relationship to firmness 366 
changes, which contradicts previous findings for other fruit species such as apple (Ortiz et al. 367 
2011c). However, the reportedly wide variation in the biochemical events leading to fruit 368 
softening among species, and even across cultivars within a given species, makes it advisable 369 
to avoid generalisations and to study this process on a case-by-case basis. The increase in fruit 370 
firmness upon removal from cold storage (Table 2), though, was accompanied by lower β-371 
galactosidase activity levels (Table 5), which rose again after fruit were left for three days at 372 
20 ºC, coincident with the lowest firmness levels. This is consistent with the observation of 373 
lowered contents of neutral sugars in the Na2CO3-soluble fraction (Fig. 1B), and suggests that 374 
significant loss of galactosyl residues from pectins was taking place during the softening 375 
process, in accordance with previous suggestions that β-Gal may play a key role in ripening-376 
related softening of sweet cherry fruit (Gerardi et al. 2012). The observed β-Gal activity 377 
values generally, albeit not totally, agreed with the corresponding gene expression levels (Fig. 378 
2): cold storage appeared to inhibit the relative expression of a putative Paβ-Gal gene, to 379 
recover to similar levels to those at harvest after three days at 20 ºC. Again, it should be 380 
stressed that only one β-Gal gene was studied, and that additional homologous genes may be 381 
contributing to the total β-Gal activity detected in the enzyme assays. 382 
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 On the basis of some previous experimental evidence that firmness of sweet cherry fruit 383 
may also relate in part to the amount and structure of xyloglucans (Choi et al. 2002), some 384 
non-pectolytic proteins were considered as well. Matrix glycans are susceptible to hydrolytic 385 
cleavage by β-xylosidase (β-Xyl), which removes successive D-xylosyl residues from the 386 
non-reducing end. In this study, calcium inhibited β-Xyl activity during cold storage, but 387 
caused a sharp increase after shelf life while, in contrast, β-Xyl activity in untreated fruit was 388 
unaffected during cold storage to decrease significantly after fruit were kept at 20 ºC for three 389 
days (Table 5), in agreement with previous observations for apple fruit (Ortiz et al. 2011c). 390 
Xyloglucans can be cleaved also by the action of endo-1,4-β-D-glucanase (EGase). Similarly 391 
to observations for β-Xyl, EGase activity was inhibited during cold storage in calcium-treated 392 
fruit, but not thereafter (Table 5), albeit in this case no significant differences were observed 393 
between untreated and treated fruit. Gene expression data were in accordance with those for 394 
enzyme activity: cold storage increased PaEGase expression rates as compared with levels at 395 
harvest in untreated fruit, but not in calcium-treated samples, while levels equalled again after 396 
the shelf life period at 20 ºC regardless of treatment (Fig. 2). Yet, a discrepancy was found: 397 
PaEGase gene expression increased sharply in H+3 fruit in comparison with rates at harvest, 398 
while no significant differences were observed regarding activity levels (Table 5). Again, 399 
results illustrate the complexity of cell wall disassembly-associated phenomena, and the 400 
difficulty of relating particular events to changes observed in the expression or activity of 401 
related genes and enzymes. Other hemicellulose-acting enzymes such as xyloglucan 402 
endotransglycosylase/hydrolases (XTH) were not studied at the activity level, but the relative 403 
expression of a PaXTH gene was assessed (Fig. 2). Interestingly, expression levels were 404 
strongly inhibited during cold storage in untreated samples, but only marginally in calcium-405 
treated fruit, and remained at levels close to those at harvest after three days at 20 ºC 406 
irrespective of treatment. Actually, XTH activity levels remained unchanged during ripening 407 
18 
 
of ‘Mondial Gala’ apples (Goulao et al. 2007), even though differences in the transcription 408 
rates of two individual XTH genes were detected (Goulao et al. 2008). In this work, though, 409 
decreased expression rates for PaXTH coincided with increased firmness levels in H+3 and 410 
cold-stored control fruit (Table 2). However, the highest firmness values were observed for 411 
calcium-treated fruit upon removal from refrigerated storage, in spite of the fact that PaXTH 412 
gene expression was also higher than that in the controls (Fig. 2). XTH enzymes are 413 
considered to help preparing the cell wall for modification through the action of other related 414 
enzymes, both by loosening the structure and by direct xyloglucan disassembly. But, similarly 415 
to PME, XTH exerts a dual role in cell wall metabolism: although it hydrolyses xyloglucans 416 
(XEH activity), it can also act as a transglucosylase (XET activity) which can integrate de 417 
novo-secreted xyloglucans into the already existing xyloglucan network or restructure 418 
xyloglucan molecules (Goulao et al. 2008). Many XTH isogenes have been identified, and for 419 
apple and tomato fruit they have been demonstrated to be under ethylene control (Muñoz-420 
Bertomeu et al. 2013). The question arises, though, as to how XTH expression and XTH 421 
activity are regulated in a non-climacteric fruit such as sweet cherry. 422 
 423 
3.3. A cross-talk between enzymatic and non-enzymatic effectors in cell wall changes?  424 
 Expansins are non-enzymatic proteins which contribute importantly to the loosening of 425 
hydrogen bonds between cell wall polymers, and over recent years they have been receiving 426 
ever more research focus as a possible major driver of firmness loss in fruit commodities. 427 
Expansins belong to large multigene families, but EXP1 is reportedly the major ripening-428 
associated expansin gene in tomato fruit (Brummell et al. 1999). EXP1-suppresed tomato fruit 429 
were firmer, while fruit were much softer when the gene was overexpressed (Brummell et al. 430 
1999). Three expansin genes, PpEXP1, PpEXP2 and PpEXP3, have been reported to be up-431 
regulated at the onset of ripening of peach fruit (Hayama et al. 2000, 2003), but PpEXP1 was 432 
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induced at an earlier maturity stage, whereas PpEXP3 was suggested to be related to the 433 
changes in fruit firmness. In this work, primers were designed for the RT-qPCR amplification 434 
of two expansin genes, namely PaEXP1 and PaEXP3. No amplification was detectable for 435 
PaEXP3, but the expression levels for PaEXP1 in fruit pericarp in relation to those at harvest 436 
are shown (Fig. 2). Cold storage resulted in a sharp decline in PaEXP1 gene expression, 437 
which however recovered to a great extent during the shelf life period, possibly in connection 438 
with lowered fruit firmness (Table 2). Even so, expression levels after three days at 20 ºC 439 
were higher in calcium-treated as compared with untreated fruit (Fig. 2). If calcium treatment 440 
actually helped delaying firmness loss of ‘Celeste’ cherries, this observation would be 441 
consistent with the reported early induction of the EXP1 isogene during ripening of peach 442 
fruit (Hayama et al. 2003). 443 
Non-enzymatic modulation of cell wall changes might also be exerted through the control 444 
of the apoplastic redox status. Ascorbic acid (AA) is the main antioxidant buffer in the 445 
apoplast, where the external stimuli are rapidly perceived thus leading to alterations in its 446 
micro-environment (Pignocchi and Foyer 2003). Early during the ripening process, cell 447 
membrane permeability increases, which event allows the release of ascorbate into the 448 
apoplast, where hydroxyl (˙OH) radicals are generated in the presence of O2 and Cu
2+
 (Fry 449 
1998). In addition, experimental evidence exists that D-galacturonic acid released from cell 450 
walls can be a major precursor for the biosynthesis of L-ascorbic acid in fruits (Agius et al. 451 
2003). In this work, ascorbate release into the apoplast was apparently stimulated in calcium-452 
treated fruit after refrigerated storage, as AA levels measured in lyophilised fruit pericarp, 453 
corresponding mainly to cytosolic ascorbate, were significantly lower in comparison with 454 
those both at harvest and the controls, while concomitantly increasing in the insoluble cell 455 
wall materials (Table 3). Contrarily, no significant differences in the ascorbate content in the 456 
pericarp were found between treated and untreated fruit after the shelf life period, whereas 457 
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those in the cell wall materials were lower in treated fruit in comparison with the controls. AA 458 
can be oxidised to dehydroascorbic acid (DHA), which must be returned to the cytosol for 459 
recyclation to AA. Cell wall-localised ascorbate oxidase (AO) activity can lead to decreased 460 
abundance of Ca
2+
-channel transcripts through apoplast oxidation (Pignocchi et al. 2006). 461 
Increases in apoplastic DHA favour cell wall loosening, which would provide an additional 462 
mechanism for cell wall disassembly. It has been suggested that DHA may react with lysine 463 
and arginine residues and hence prevent cross-linking of structural proteins with cell wall 464 
polysaccharides (Lin and Varner 1991). DHA may also be converted to oxalate, and the 465 
formation of calcium oxalate crystals would lower the levels of ionic calcium and thus hinder 466 
the establishment of calcium bridges between polyuronides. It has been also demonstrated 467 
that both AA and DHA can induce oxidative scission of plant cell wall polysaccharides at 468 
physiological pH ranges, xyloglucan showing higher susceptibility to ascorbate-induced 469 
scission than pectic polymers (Fry 1998). Interestingly, it was later found out that de-470 
esterified citrus pectin is more susceptible to ascorbate-induced scission in vitro than methyl-471 
esterified pectin (Dumville and Fry 2003), thus pointing to an additional role for PME activity 472 
in ripening-related softening.  473 
Results reported herein suggest an important role for PME, β-Gal and expansin action in 474 
ripening-related softening of ‘Celeste’ sweet cherry fruit, exerted possibly through the 475 
modulation of the access of additional proteins to their substrates. Data are also consistent 476 
with a role for the redox status of the apoplast in this process. Calcium dips delayed firmness 477 
loss of fruit after cold storage and the subsequent shelf life at 20 ºC. The combination of both 478 
procedures was also effective in decreasing decay and weight loss. 479 
 480 
481 
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Table 1.  
Primers used for RT-qPCR analysis of cell wall-related gene expression in ‘Celeste’ sweet 
cherry fruit at harvest and after cold storage following a calcium treatment. 
 
Gene 
a
 Accession no. Primers 
Amplicon 
(bp) 
Reference 
Paβ-Gal AY874412.1 
F: 5’-CTGTGGGAGCTACCAAGAAGG-3’ 
96 Bian et al., 2005 
R: 5’-ATGGTGACTGCACATCTCTGC-3’ 
PaEG X96853.1 
F: 5’-GATTGAGAATGCCAAGGATGC-3’ 
103 Trainotti et al., 1997 
R: 5’-GTTTGGATCTGCCACTTGGAC-3’ 
PaXHT AF534870.1 
F: 5’-GCTTGTGAAGGCAGATTGGAG-3’ 
86 
Botton and Tonutti, 
2002 R: 5’-AGCCTGAAGACCAAGTGCAAG-3’ 
PaEXP1 AB029083.1 
F: 5’-CATTTTATGGTGGGGGTGATG-3’ 
98 Hayama et al., 2003 
R: 5’-GAGAGCTGCAGTGTTGGTTCC-3’ 
Reference gene 
b
 
PaCAC JU090715.1 
F: 5’-CTCCGCACTTCCTTTTGGTAC-3’ 
87 Alkio et al., 2012 
R: 5’-ATCTCGCAGTTCTTCGTGCTC-3’ 
PaPP2A-2 JU090712.1 
F: 5’-TCATCAGCTTGTCATGGAAGG-3’ 
105 Alkio et al., 2012 
R: 5’-ATTGCAGCCATATTCCCACAC-3’ 
PaSRP19 JU090733.1 
F: 5’-GGGGAGGTCCTTATCCATGTC-3’ 
111 Alkio et al., 2012 
R: 5’-GCCACCTAGCGCATTGTATTC-3’ 
a
 Paβ-Gal, β-galactosidase; PaEG, endo-1,4-β-D-glucanase; PaXHT, xyloglucan endotransglycosylase/hydrolase; 
PaEXP1, expansin. 
b
 PaCAC, Clathrin adaptor complexes protein; PaPP2A-2, Protein phosphatase 2A-2; PaSRP19, Signal recognition 
particle SRP19.
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Table 2. Maturity and quality attributes of ‘Celeste’ sweet cherry fruit at harvest and after 
cold storage following a calcium treatment. 
 
 
Parameter H a H+3 
14 + 0 
b
 14 + 3 
UT
c
 1.5% 3% UT 1.5% 3% 
Respiration  
(μg CO2 kg
-1
 s
-1
) 
107 c 82 d 175 b 208 a 212 a 78 d 82 d 87 d 
Weight loss 
(%) 
- 11.9 c 6.8 d 6.9 d 6.2 e 14.4 a 14.3 a 13.8 b 
Size 
d
 
(mm) 
27.7 a 24.6 e 26.0 bc 25.8 c 26.3 b 24.8 e 25.1  d 24.9 de 
Juiciness  
(mL kg
-1
) 
544 a 507 c 549 a 532 b 553 a 408 f 454 e 485 d 
Firmness  
(Durofel units) 
74.9 c 79.1 b 80.5 b 79.1 b 83.0 a 66.4 e 75.2 c 69.6 d 
SSC 
(%, w/w) 
17.2 b 19.3 a 16.4 c 16.0 c 17.9 b 17.2 b 17.3 b 17.6 b 
Acidity 
(%, w/w) 
e
 
0.9 b 1.0 a 0.8 c 0.7 d 0.8 c 0.8 c 0.8 c 0.8 c 
SSC/TA  
ratio 
1.9 2.0 2.1 2.2 2.4  2.1 2.1 2.2 
Decay 
(%) 
- 16.1 b 22.2 a 12.1 c 7.5 d 23.9 a 12.8 c 14.2 bc 
Firmness, size and decay values are the average of 30 individual fruit. The rest of values represent 
means of three replicates of 10 fruit each. Means followed by different letters within the same row 
are significantly different at P ≤ 0.05 (LSD test).  
a
 At harvest; 
b
 Days at 0 ºC + days at 20 ºC; 
c
 Untreated; 
d
 Size is given as the average between the 
wider and the narrower sides of each fruit; 
e
 Acidity is expressed as equivalents of malic acid. 
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Table 3.  Content of calcium (g kg
-1
), and of reduced (AA) and oxidised (DHA) ascorbic acid 
(mmol kg
-1
) in lyophilised pericarp tissue and in the insoluble cell wall materials 
recovered from ‘Celeste’ sweet cherry fruit at harvest and after cold storage 
following a calcium treatment.  
 
  
H 
a
 H+3 
14 + 0 
b
 14 + 3 
Ca
2+
 UTc 1.5% 3% UT 1.5% 3% 
Pericarp 0.45 c 0.35 c 0.41 c 0.77 ab 0.85 a 0.37 c 0.72 b 0.75 ab 
Cell wall 1.85 d 1.65 d 2.25 c 4.07 a 3.41 b 2.25 c 3.62 b 3.70 b 
AA 
Pericarp 19.25 b 23.27 a 20.04 b 14.39 d 15.95 c 15.46 c 14.65 cd 15.57 c 
Cell wall 1.48 d 1.62 cd 1.38 d 3.43 a 3.45 a 3.38 a 2.79 b 1.84 c 
DHA 
Pericarp n.d. n.d. n.d. n.d. 0.55 b 0.56 b 1.35 a 1.94 a 
Cell wall n.d. n.d. n.d. n.d. n.d. 0.36 a 0.10 b n.d. 
Values are the means of three replicates (n.d., non-detectable). Means followed by different 
letters within the same row are significantly different at P ≤ 0.05 (LSD test). 
a
 At harvest; 
b
 Days at 0 ºC + days at 20 ºC; 
c
 Untreated. 
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Table 4. Yield (g kg
-1
) of insoluble cell wall materials (CWM) and of cell wall fractions 
expressed over lyophilised pericarp tissue (A) and over total isolated insoluble cell 
wall materials (CMW) (B) of ‘Celeste’ sweet cherry fruit at harvest and after cold 
storage following a calcium treatment. 
  
    A 
Fraction H a H+3 
14 + 0 
b
 14 + 3 
UT
c
 1.5% 3% UT 1.5% 3% 
Total CWM 44.0 c 56.9 b 58.5 b 67.4 a 57.3 b 70.1 a 58.4 b 67.8 a 
Water-soluble 3.1 a 2.8 a 1.7 b  1.5 b 1.4 b 1.7 b 0.8 c 2.4 ab 
CDTA-soluble 5.4 d 9.1 c 6.2 d 12.4 b 13.5 b 14.2 b 13.5 b 17.1 a 
Na2CO3-soluble 3.4 c 3.2 c 6.1 b 7.7 a 5.4 b 6.1 b  7.2 a 6.4 ab 
KOH-soluble 0.4 b 0.6 ab 0.7 a 0.6 ab 0.6 ab 0.3 b 0.7 a 0.7 a 
    B 
Fraction H a H+3 
14 + 0 
b
 14 + 3 
UT
c
 1.5% 3% UT 1.5% 3% 
Water-soluble 70.6 a 48.8 b 28.5 d 22.9 d 25.1 d 24.5 d 13.4 e 36.0 c 
CDTA-soluble 121.8 cd 159.7 c 106.6 d 183.9 b 234.9 ab 202.4 b  230.4 ab 252.8 a 
Na2CO3-soluble 77.1 f 56.2 g 104.8 c 113.8 b 95.0 d 86.3 e 123.4 a 94.1 d 
KOH-soluble 9.3 b 10.0 bc 11.6 a 8.3 c 9.9 bc 3.9 d 11.4 a 10.9 a 
Values are the means of three replicates. Means followed by different letters within the same row are 
significantly different at P ≤ 0.05 (LSD test). 
a
 At harvest; 
b
 Days at 0 ºC + days at 20 ºC; 
c
 Untreated. 
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Table 5.  Specific activity (U 10
6
 kg
-1
) of some pectolytic and non-pectolytic enzymes in the pericarp tissue of ‘Celeste’ sweet cherry fruit at 
harvest and after cold storage following a calcium treatment.  
 
 
Pectolytic 
H 
a
 H+3 
14 + 0 
b
 14 + 3 
UT
c
 1.5% 3% UT 1.5% 3% 
Poligalacturonase (PG) 25.58 e 24.92 e 35.51 d 60.71 b 74.41 a 57.98 bc 39.12 d 50.55 c 
Pectate lyase (PL) 1.56 b 1.89 b 2.04 ab 2.20 ab 2.36 a 2.37 a 2.09 ab 2.33 a 
Pectin methylesterase (PME) 28.89 c 45.15 ab 18.86 d 52.21 a 4.66 e 31.63 b 48.54 ab  29.39 c 
β-galactosidase (β-Gal) 10.78 b 10.10 b 9.9 bc 8.06 d 9.21 c 10.33 b 9.75 bc 11.20 a 
α-L-arabinofuranosidase (AFase) 0.25 c 0.30 a 0.28 b 0.26 c 0.29 ab 0.29 ab 0.28 b 0.30 a 
Non-pectolytic 
endo-1,4-β-D-glucanase (EGase) 4.00 c 4.68 bc 5.34 a 5.00 b 4.93 b 5.83 a 3.84 c 5.62 a 
β-xylosidase (β-Xyl) 70.50 c 55.35 e 71.04 c 63.39 d 62.81 d 61.85 d 76.56 b 90.54 a 
Values are the means of three replicates. Means followed by different letters within the same row are significantly different at P ≤ 0.05 (LSD test). 
a
 At harvest; 
b
 Days at 0 ºC + days at 20 ºC; 
c
 Untreated. 
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Figure captions 
 
Figure 1. Amount (g kg
-1
 DW) of neutral sugars and uronic acids in the CDTA- (A) and the 
Na2CO3-soluble (B) fractions isolated from the pericarp tissue of ‘Celeste’ sweet 
cherry fruit at harvest (H) and after cold storage following a calcium treatment (UT, 
untreated). Values are means of three replicates. Different letters represent 
significant differences in the total amount of uronic acids and neutral sugars in each 
of both pectin-containing fractions at P ≤ 0.05 (LSD test). 
 
Figure 2.  Relative expression of some cell-wall related genes in the pericarp tissue of 
‘Celeste’ sweet cherry fruit 3 d after harvest (H+3) and after cold storage following 
a calcium treatment (UT, untreated; X+Y, days at 0 ºC + days at 20 ºC, 
respectively). Expression level values represent means of three replicates. For a 
given gene, different letters denote significant differences at P ≤ 0.05 (LSD test). 
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Supplementary Figures 
 
Figure S1. Relative percentage (g kg
-1
) of neutral sugars and uronic acids in the CDTA- (A) 
and the Na2CO3-soluble (B) fractions isolated from the pericarp tissue of ‘Celeste’ 
sweet cherry fruit at harvest (H) and after cold storage following a calcium 
treatment (UT, untreated). Values are means of three replicates. Different letters 
represent significant differences in the total amount of uronic acids and neutral 
sugars in each of both pectin-containing fractions at P ≤ 0.05 (LSD test). 
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